• Claim -A statement or conclusion that answers the original question/problem • Evidence -Scientific data that supports the claim.
• Reasoning -A justification that connects the evidence to the claim using scientific principles.
• Rebuttal -Recognizes and describes alternative explanations, and provides counter evidence and reasoning for why the alternative explanation is not appropriate. Note: Rebuttal is introduced to students later as they advance in their ability with claim, evidence and reasoning. Use of this framework requires teachers to include more open-ended questioning, an emphasis on using evidence, and more facilitation of discussions in which students debate their position with reasoning and evidence. The authors have worked with classroom teachers for 10 years using the framework.
Informal Science Book (2010): National Academy of Sciences: Surrounded by Science: Learning Science in Informal Environments
There are six strands of informal science learning Strand 1 -Sparking Interest and Excitement* Experiencing excitement, interest, and motivation to learn about phenomena in the natural and physical world. Strand 2 -Understanding Scientific Content and Knowledge Generating, understanding, remembering, and using concepts, explanations, arguments, models, and facts related to science. Strand 3 -Engaging in Scientific Reasoning Manipulating, testing, exploring, predicting, questioning, observing, and making sense of the natural and physical world. Strand 4 -Reflecting on Science
Reflecting on science as a way of knowing, including the processes, concepts, and institutions of science. It also involves reflection on the learnerʼs own process of understanding natural phenomena and the scientific explanations for them. Strand 5 -Using the Tools and Language of Science Participation in scientific activities and learning practices with others, using scientific language and tools. Strand 6 -Identifying with the Scientific Enterprise* Coming to think of oneself as a science learner and developing an identity as someone who knows about, uses, & sometimes contributes to science. *Strands 1 and 6 are identified for informal science. Strands 2 -4 are part of formal science education. Note: All 6 should be part of formal science education also.
What Research Tells Us About How Students Learn Science
Important principles of learning
• Assess for prior student understanding of the science concepts.
• Actively involve students in the learning process.
• Help students be more metacognitive so that they can acknowledge the science concepts they understand, the goals for their learning, and the criteria for determining achievement of the learning goals.
• Ensure that learning is interactive and include effective classroom discussions. Source: Donovan, S., and J. 
New Framework for Proficiency in Science
The four strands represent learning goals for students and serve as a broad framework for curriculum design. They incorporate the scientific practices that students need to demonstrate their proficiency. Students who are proficient in science: 1. know, use, and interpret scientific explanations of the natural world, 2. generate and evaluate scientific evidence and explanations, 3. understand the nature and development of scientific knowledge, and 4. participate productively in scientific practices and discourse.
Conclusions on What Children Know and How They Learn • Children entering school already have substantial knowledge of the natural world, much of which is implicit.
• What children are capable of at a particular age is the result of a complex interplay among maturation, experience and instruction. What is developmentally appropriate is not a simple function of age or grade, but rather is largely contingent on their prior opportunities to learn.
• Studentsʼ knowledge and experience play a critical role in their science learning, influencing all four strands of science understanding.
• Race and ethnicity, language, culture, gender, and socioeconomic status are among the factors that influence the knowledge and experience children bring to the classroom • Students learn science by actively engaging in the practices of science.
• A range of instructional approaches is necessary as part of a full development of science proficiency.
Taking Science To School, Learning and Teaching Science in Grades K-8. Continued
Recommendations: What, When and How To Teach Recommendation 1: Developers of standards, curriculum, and assessment should revise their frameworks to reflect new models of childrenʼs thinking and take better advantage of childrenʼs capabilities. Recommendation 2: The next generation of standards and curricula at both the national and state levels should be structured to identify a few core ideas in a discipline and elaborate how those ideas can be cumulatively developed over grades K-8.
Recommendation 3:
Developers of curricula and standards should present science as a process of building theories and models using evidence, checking them for internal consistency and coherence, and testing them empirically. Discussions of scientific methodology should be introduced in the context of pursuing specific questions and issues rather than as templates or invariant recipes.
Recommendation 4: Science instruction should provide opportunities for students to engage in all four strands of science proficiency. Recommendation 5: State and local leaders in science education should provide teachers with models of classroom instruction that provide opportunities for interaction in the classroom, where students carry out investigations and talk and write about their observations of phenomena, their emerging understanding of scientific ideas, and ways to test them.
Recommendations for Professional Development Recommendation 6:
State and local school systems should ensure that all K-8 teachers experience sustained science-specific professional development in preparation and while in service. Professional development should be rooted in the science that teachers teach and should include opportunities to learn about science, about current research on how children learn science, and about how to teach science. Recommendation 7: University-based science courses for teacher candidates and teachersʼ ongoing opportunities to learn science in service should mirror the opportunities they will need to provide for their students, that is, incorporating practices in the four strands, that constitute science proficiency and giving sustained attention to the core ideas in the discipline. The topics of study should be aligned with central topics in the K-8 curriculum.
Recommendation 8: Federal agencies that support professional development should require that the programs they fund incorporate models of instruction that combine the four strands of science proficiency, focus on core ideas in science, and enhance teachersʼ science content knowledge, knowledge of how students learn science, and knowledge of how to teach science. 
Current Trends and Influences That ImpactScience Education

